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Probability for chance coincidence of a gamma-ray burst with a 
galaxy on the sky 
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ABSTRACT 

The nearby long GRB 0606 14 was not accompanied by a supernova, challenging the collapsar 
model for long-duration GRBs and the traditional classification scheme for GRBs. However, 
Cobb et al. have argued that the association of GRB 060614 and its host galaxy could be 
chance coincidence. In this work we calculate the probability for a GRB to be randomly co- 
incident with a galaxy on the sky, using a galaxy luminosity function obtained from current 
galaxy surveys. We find that, with a magnitude limit that current telescopes can reach and 
an evolving galaxy luminosity function obtained from VVDS, the probability for chance co- 
incidence of a GRB with a galaxy of redshift < 1.5 is about several percent. These results 
agree with previous estimates based on observed galaxies. For the case of GRB 060614, the 
probability for it to be coincident with a z < 0.125 galaxy by angular separation < 0.5" is 
~ 0.02%, indicating that the association of GRB 060614 and its host galaxy is secure. If the 
telescope magnitude limit is significantly improved in future, the probability for GRB-galaxy 
association will be considerably large, making it very problematic to identify a GRB host 
based only on the superposition of a GRB and a galaxy on the sky. 
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1 INTRODUCTION 

Observation of host galaxies of gamma-ray bursts (GRBs) is very 
important for understanding the nature of GRBs. Current observa- 
, tions reveal that long duration GRBs occur in star-forming galax- 
1 ies, consistent with the genera l belief that lon^ GRBs are produced 
by the death of massive stars (Conselice et al. 200?; 5 ruchter et al.l 
[2006; Tanvir & Levan 2007; Wainwrigh et al. 2007, and references 
therein). The discovery of the conne ction betvyeen long G R Bs and 
core-collapse Type Ibc supernovae l lGalamaetal.lll998l ; 10 120061 : 
IWooslev & Hegeij|2006l . and references therein) supports the col- 
lapsar model of long GRBs (MacFadyen & Woosley 1999; Mac- 
Fadyen, Woosley & Heger 2001). 

In contrast, short-duration GRBs are found in both early- and 
late-type galaxies, similar to the situation of Type la supernovae. 
The rate of star formation in the host galaxies of short GRB s is 
often lower than that in the hosts of long GRBs jBergedl2006l and 
references therein). So far no supernovae have been found to be 
associated with short GRBs. 

The difference in the observed host properties for short and 
long GRBs supports the idea that short and long GRBs have dif- 
ferent progenitors. Long GRBs are believed to arise from the death 
of massive stars (the collapsar model) — most likely the Wolf-Rayet 
stars since all observed supernovae associated with GRBs are Type 
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Ic, while short GRBs are more likely produced by the merger 
of compact stars — neutron star-neutron star merger and black 
hole-neutron star merger (Li & Paczynski 1998; O'Shaughnessy, 
Kalogera & Belczynski 2007). 

However, the above scenario is challenged by the observation 
of GRB 060614. This is a long burst wit h a duration ~ 100 s 
with a host galaxy at redshift z = 0.1 25 jPella Valle et alj|2006l; 
iFvnbo et al.|]2006l; iGehrels et al1l2006l ). For a long GRB that has 
such a low redshift it is expected that a supernova associated with it 
should be observed. However, despite extensive observation on its 
host, no supernova has been found down to limits fainter than any 
known Type Ic SN and hundreds of times fainter than the archetypal 
SN 1998bw that accompanied GRB 980425. This challenges the 
ordinary GRB classification scheme based on GRB durations and 
the general belie f that long GRBs are produced by the core-collapse 
of massive stars ( IZhang|l200^ ; IWatson et"ar]|2007h . 

In fact, except its duration, GRB 060614 is much like a short 
GRB in many aspects. Besides the fact that it has no associated su- 
pernova, GR B 060614 has a vanish ing spectral lag that is typical of 
short GRBs jMangano et alj|2007l) . Its lightcurve has a very hard 
and short-duration initial peak, followed by an extended soft emis- 
sion. Zhang et al. (2007) have shown that if this burst had an eight 
time smaller total energy, it would have been detected by BATSE 
as a marginal short-duration GRB, and would have properties in the 
Swift BAT and XRT bands similar to GRB 050724. 

GRB 060505 has a duration ~ 4 s and a host galaxy at 
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z = 0.089. No supernova has been detected at the location of this 
burst also jpynbo et alj|2004 lOfek et alj|200^ . so GRB 060505 
has also been considered as a long GRB without a super nova. It has 
been argued that GRB 060505 i s indeed a short burst dOfek et aEI 
l2006l : lLevesaue & Kewlevll2007l. see, however, Thone et al. 2008; 
McBreen et al. 2008). Models for "long GRBs without supemovae" 
have been proposed (King, Olsson & Davies 2007). 

On the other hand, it has been suggested that GRB 060614 
and its ho st galaxy was just a coincidence rather than a physical as- 
sociation dCobb et alj|2006bh . By counting the number of galaxies 
observe d by SMARTS in a field centered on the burst, ^ Cobb et aU 
( l2006bl) showed that the probability for a chance superposition of 
GRB 060614 and a galaxy along the line of sight is ~ 1%. This 
probability is high enough to cause that several cases of chance su- 
perposition may have happened for S wift GRBs. This conclu sion is 
enforced by a more detailed study bv lCobb & Bailvnl ( l2007h . 

The results of Cobb et al. have raised an important question 
in identifying GRB host galaxies b ased only on the s uperposition 
of a GRB and a galaxy on the sky dLevan et al.ll2007l) . For a tele- 
scope with very high sensitivity, it would observe many galaxies on 
the sky, then the probability for a GRB to be aligned with a galaxy 
could be high. Then, unavoidably, some GRB hosts discovered in 
this approach might be superficial, i.e. they are not physically re- 
lated to the GRBs. Cobb et al. obtained their results by using galaxy 
survey data. It is interesting to verify these results with an indepen- 
dent, more theoretical approach. 

In this paper, we calculate the probability for a GRB to be 
coincident with a galaxy on the sky using galaxy luminosity func- 
tions and compare the results with that of Cobb et al. obtained with 
different ways. Then, we use our results to assess at what a level 
we can trust the GRB host galaxies that have been found so far. 
The UVOT on Swift can resolve a source to sub-pixels (~ 0.2"). 
Hence, in our calculations we regard a GRB as a point source. 

The approach that we adopt has the benefit of extending be- 
yond the limit of current surveys and to broader types of problems. 
For example, with slight modification it can be applied to the cal- 
culation of the probability of Lya forests in the spectra of quasars 
and GRB s which has important applications in probing the high-z 
Universe ( lLoebll2002h . 



2 THE GALAXY LUMINOSITY FUNCTION 

The galaxy luminosity function (LF) is a fundamental characteris- 
tics of the galaxy population and is essential for studying statistical 
properties of galaxies and their evolution. It gives the abundance of 
galaxies as a function of their luminosity, defined by the comov- 
ing number density of all galaxies with luminosity between L and 
L + dL at redshift z. The LF of a population of galaxies is usually 
described by the Schechter function (Schechter 1976) 

where L* is a characteristic luminosity, the constant a is the faint- 
end slope, and $* is the normalization. These three parameters are 
determined by fitting the LF to the data from a galaxy survey. 

The LF is often expressed in terms of magnitudes rather than 
luminosities, which is more convenient to use in UV and optical 
observations. The absolute magnitude M is related to the galaxy 
luminosity by M — M* = —2.5 log(I//L*), where M* is a char- 
acteristic magnitude corresponding to the characteristic luminosity 



L* . Then, the Schechter LF becomes 

^{M)dM = (0.4 In 10)$* 

^^00.4(.+l)(M*-A/) J_^q0.4(ai--m)J (2) 

In a flat universe, the number of galaxies within a solid angle 
n with magnitude in the range A/min-Afmax and comoving dis- 
tance Dcom in the range D\~D2 is calculated by integral: 

N = n dDcomDcom/ dA/ $(M) . (3) 

The solid angle is the solid angle covered by a survey, and 
Afmax ~ Mmmxim, z) Is the maximum absolute magnitude arising 
from the apparent magnitude limit m of the telescope. The comov- 
ing distance to a galaxy at redshift z is calculated by 

i3con. r '^^ = , (4) 

Ho Jo ^/o^TTzfTTiX 

where c is the speed of light. Ho is the Hubble constant, Urn is the 
fraction of mass contained in baryonic and dark matter in the Uni- 
verse, and Qa is the fraction of mass contained in the cosmological 
constant or dark energy. 

Throughout the paper we adopt a cosmology with Ho = 70 
km s"^ Mpc~\ D,rn = 0.3, and SIa = 0.7. 



2.1 Morphology and Redshift Dependent LF 

The LF is one of the fundamental observational properties of galax- 
ies, and the amount of work dedicated by different groups of peo- 
ple to derive an accurate LF is substantial. The LF has been mea- 
sured from many galaxy surveys with differing sample selections 
and redshift coverage, and different outcomes are compared by de 
Lapparent et al. (2003). The results in the literature have shown that 
there is no universal galaxy LF. Instead, the galaxy LF evolves with 
redshift and galaxy morphology. 

It has been found that, in general, the faint-end LF of early- 
type galaxies is steeper than that of late-type galaxies, and the char- 
acteristic luminosity of early-type galaxies is smaller than that of 
late-type galaxies (Madgwick et al. 2002; Nakamura et al. 2003). 

The LF of local galaxies is now well constrained by two 
large spectroscopic surveys: the Two-Degree Field Redshift Survey 
(2dFGRS; e.g. Norberg et al. 2002), and the Sloan Digital Sky Sur- 
vey (SDSS; e.g. Blanton et al. 2003). The Canada-France Redshift 
Survey (CFRS), which includes galaxies up to 2 ~ 1, showed that 
the LF evolves with the cosmic redshift and the evolution depends 
on the galaxy populations. 

For example, the CFRS survey shows unambiguously that the 
population evolves and that this evolution is strongly differential 
with color and, less strongly, with luminosity (Lilly et al. 1995). 
The LF of red galaxies changes little over 0.05 < z < 1, while the 
LF of blue galaxies shows substantial evolution at redshifts z > 
0.5. 

At higher redshift, the evolution of LF in blue bands over the 
redshift range 0.5 < z < 5.0, and in red bands over the redshift 
range 0.5 < z < 3.5, has been derived from the FORS Deep 
Field survey (Gabasch et al. 2004, 2006). The LF measurements 
for different galaxy types have been derived up to z = 1.5 from the 
VVDS survey (Zucca et al. 2006). 

In this paper, we consider the LF for each type of galaxies 
separately. 
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3 THE RADIUS-LUMINOSITY RELATION 

To calculate the probability for a GRB to be coincident with a 
galaxy on the sky, we need to measure the projected radius of the 
galaxy on the sky. To do so, we associate with each galaxy a physi- 
cal projected area, as a function of the redshift and of the luminosity 
of galaxies. 

For an elliptical galaxy, we assume that the area covered by the 
galaxy on the sky i& S — -kB?, where R is an averaged radius. For 
a spiral or an irregular galaxy, which is not spherical, we assume 
that the galaxy has a random distribution in orientation. For a spiral 
or an irregular galaxy with an inclination angle 6, the area on the 
sky is S' = 7ri?2 cos S (0 < 6* < %/2). 

Generally, the size of a galaxy is correlated with its luminosity. 
Hence, The value of R for a galaxy with a given luminosity can be 
derived from a statistical relation between the observed radius and 
luminosity, at a given redshift. The relation can be fitted by a power 
law 



R 



(5) 



where R is in kpc and L is in erg s~^, C,i and i^i are constants that 
depend on the galaxy morphological types and on the bandpass of 
the telescope. 

Dahlen et al. (2007) have shown that the galaxy size evolves 
strongly with redshift. In particular they have claimed that there is 
a similar evolution in the size-luminosity relation in several wave- 
lengths, over the range < z < Q. The evolution is consistent with 
the form Rh cx (1 -I- z)'', where /9 ~ — 1 and Rh is the half-light 
radius of the galaxy. The ratio iigo / R50 (radius containing 90% 
and 50% of the flux) is approximately constant for de Vaucouleurs 
and exponential profile galaxies (~ 3.3 and ~ 2.3, respectively), 
so we can assume that iigo oc z)^ . 

The solid angle occupied by a galaxy is then 



Wgal 



(6) 



where Da is the angular-diameter distance to the galaxy [related 
to the comoving distance by Etherington's reciprocity law Da ~ 
i3com/(l + z); Etherington 1933], (S) is the projected area of the 
galaxy averaged over inclination. 

For spherical or elliptical galaxies we have (S) — 7ri?o(l + 
z)^^, where Ro is the radius of the galaxy. For disk spiral galaxies 
and irregular galaxies with a random distribution of inclination we 
have{S) = (l/2)7ri?g(l + 2)2'3. 



4 COMPUTATION OF THE PROBABILITY 

The probability for a GRB to be aligned to a galaxy is always small. 
Hence, the probability is simply given by the ratio of the solid angle 
spanned by galaxies to the total solid angle 



(7) 



where Q, is the solid angle of space covered by a survey, and f2gai is 
the total solid angle occupied by galaxies. Using relations lO and 
l|6j, the total solid angle occupied by galaxies is {Q = 4tt) 
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Figure 1. Probability for a GRB to be coincident with a galaxy on the sky, 
with < z < 1.5 and the B-band magnitude limit mj, = 26.5. The solid 
curve is calculated with equation (9), which assumes that a GRB is associ- 
ated with a galaxy if the linear distance from the GRB to the galaxy center 
is less than -Rgo- The dashed curve is calculated with equation jilt , which 
assumes that a GRB is associated with a galaxy if the angular distance from 
the GRB to the galaxy center is less than 1". 



where Zmax is the maximum redshift that can be reached by a sur- 
vey. Then, by Etherington's reciprocity law, we have 



dDc. 



dM(5)(l + z) $(Af) , 



(9) 



we will adopt /3 = — 1 to compute (S*) . 

Since the LF decays exponentially toward the bright end, the 
exact value of Mmin does not affect the final result. In our numeri- 
cal calculation we take Afmin = —30. For a given luminosity dis- 
tance Dium, the value of Mmax is related to the magnitude limit of 
the telescope, m, by 



i\fmax = m - 5 log 



Mum 

10 pc 



K 



(10) 



where K is the K-correction depending on the filter. 

The parameters in the LF are derived from the SDSS and 
the VVDS catalogs (Nakamura et al.2003; Zucca et al. 2006) and 
the radius-luminosity relation from the SDSS catalogs (York et 
al.2000; Appendixes A & B). Then, the probability can be cal- 
culated by equation The calculated results of P for the pa- 
rameters in the B-band obtained from the VVDS survey (Zucca 
et al. 2006) are shown in Fig.[T](solid line). In the calculations the 
K-corrections were provided by E. Zucca (see also Fukugita, Shi- 
masaku, & Ichikawa 1995). 

For a given galaxy survey, the projected area of resolved 
galaxies on the sky can be measured. Then equation ([7]l can be 
directly applied to calculate the probability for chance coincidence 
of a GRB with a galaxy on the sky. As an example, the fraction of 
the sky covered by galaxies in the Hubble Deep Fields (HDFs) is 
~ 5% if the boundary of a galaxy is defined by twice the isopho- 
tal radius containing ~ 90% flux (Bernstein, Freedman, & Madore 
2002). 



4 M. A. Campisi and L. -X. Li 



0.5 



-0.5 



Disk 
Irreg 



o 
K 
m 

OS 

o 



10 



0.1 



Disk 



□an 



-1 -0.5 0.5 1 

A a [arcsec] 

Figure 2. Displacement of GRB positions with respect to the center of their 
host galaxies for a sample of 27 long GRBs with well measured and re- 
solved hosts (in the redshift range 0.089 ^ z ^ 3.42). 
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Figure 3. Radius of the host galaxies, computed with equation (5), versus 
the observed distance between GRBs for the same sample and their host 
galaxies. Dashed lines labels the relations of separation/galaxy radius = 
1/14, 1/12, 1/10. 1/8, 1/6, 1/4, 1/2, 1 (blue-dashed line). 



5 COMPARISON WITH OBSERVED HOST GALAXIES 

For those GRBs with known hosts, we find out the distribution 
of the distance, projected on the sky, between the GRB's position 
and the center of the associated host galaxy. From this distribu- 
tion, we can check if the observed distance is within the galaxy 
radius defined in the equation (O. From ~ 50 GRBs with both red- 
shift and host associate,^ we select 27 long GRBs , including only 
GRBs with sure host galaxy types and R-band magnitudes. Fig- 
ure [2] shows the displacement between RA/DEC of the GRB's po- 
sition and the host galaxy counterpart in the sample (see table CI of 
the Appendix). Most GRBs with reliable host measurements have 
a separation smaller than 1" from the center of their counter part. 
Our comparison is in agreement with previous works (Bloom et al.| 
l2002l : lFruchter et alj|2006h . 

In Fig. [3] we compare the galaxy radius defined by equation 
([5j and the observed distance between GRBs from the center of 
their host galaxies. Since all of the observed GRBs fall in the de- 
fined galaxy radius, equation (O provides a reasonable estimate for 
galaxy radii and a scale measuring the association of GRBs and 
their hosts. The probability calculated with the galaxy radius that 
we have defined would lead to a reasonable estimate on the proba- 
bility for a GRB to be coincident with a galaxy on the sky. 

In practice people often identify association of a GRB with 
a galaxy by requiring that the projected distance from a GRB to 
the center of a galaxy on the sky is smaller than a critical angular 
distance, say < 1". Then the probability for chance coincidence of 
a GRB and a galaxy on the sky is calculated by 

P = UJ, Dcomrf-Dcom / dM ${M) , (11) 

Jo -'Af„,i„ 

where loc = — 7.384 x 10^^^ is the solid angle corre- 

sponding to a circle of radius 1". The probability calculated with 
this formula is shown in Fig.[T]with a dashed curve. 

It appears that the probability calculated with an angular ra- 
dius 1" is higher than that calculated with a linear radius Rc,o. This 
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is caused by the fact that for a fixed angular radius the correspond- 
ing linear radius increases with distance while the luminous Rgo 
decreases with redshift. Our results indicate that identifying the 
GRB-galaxy association with a linear distance scale is more reli- 
able than with an angular scale from the galaxy center. 



6 CONCLUSIONS 

We have calculated the probability for a GRB to be coincident with 
a galaxy on the sky, using the luminosity function and the radius- 
luminosity relation derived from the SDSS and VVDS surveys. 

Since there is not a reliable luminosity function available to 
higher redshifts, the probability is calculated only up to a red- 
sh ift z ^ 1. 5 (Fig. [TJ. The results are in agreement with that 
of I Cobb et all ( |2006b) and lCobb & Bailvnl 12002) which were ob- 
tained with different approaches. The total probability at z — 1.5 
is a few percent. 

We have also calculated the probability of chance coincidence 
with a criterion that a GRB is considered to be associated with a 
galaxy if the distance from the GRB to the galaxy center is smaller 
than 1" (Fig.[T] dashed line). This probability is larger than that 
calculated with Rqo for z > 0.7 (Fig. [T] solid line), caused by 
the fact that for a fixed angular separation the corresponding linear 
separation increases with z and Rgo decreases with z. 

Although the chance probability is small, it warns us that iden- 
tifying a GRB host based only on the superposition of a GRB with 
a galaxy on the sky is dangerous. So far about 350 GRBs have 
been detected by Swift, our results imply that several chance co- 
incidence of a GRB with a galaxy might have already happened. 
As a result, some GRB hosts that have been found might be su- 
perficial. However, for the case of GRB 060614, calculation of the 
chance superposition of it and a z < 0.125 galaxy with separation 
< 0.5 " leads to a probabilit y P — 0.02%, consistent with the re- 
sult of iGal-Yam etall ( |2006[) . This small probability indicates that 
the association of GRB 060614 and its host is secure. 

Obviously, a secure identification of a GRB's host would be 
obtained by (1) the superposition of the GRB with a galaxy; and 
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(2) the afterglow of the GRB and the host candidate give rise to the 
same measured redshift. 

We have also calculated the probability directly from the data 
of SDSS, following the approach of Cobb et al. The results are 
presented in Appendixes A, which agree with our analytical results. 
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Galaxy type 





•fit 


E/SO 


1.12e+42 


0.561 


Sbc/Scd 


2.33e+40 


0.335 


In- 


1.40e+40 
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Table Al. Best-fit parameters in the radius-luminosity relation jsj in the 
r-band for SDSS galaxies, with R in kpc and L in erg s~^. 



Taylor G. B., Frail D. A., Beasley A. J., Kulkami S. R., 1998, 
GCN 152 

Thone C. C. et al., 2008, ApJ, 676, 1 151 

Vreeswijk P. M. et al., 2004, A&A, 419, 927 

Wainwright C, Berger E., Penprase B. E., 2007, ApJ, 657, 367 

Watson D., Fynbo J. P U., Thone C. C, Sollerman J., 2007, Phil. 

Trans. R. Soc. A, 365, 1269 
Woosley S. E., Bloom J. S., 2006, ARA&A, 44, 507 
Woosley S. E., Heger A., 2006, ApJ, 637, 914 
Yamaoka H., Ayani K., Itagaki K., 2004, GCN 2781 
York D. G. et al., 2000, AJ, 120, 1579 

Zhang B., Zhang B.-B., Liang E.-W., Gehrels N., Burrows D. N., 

Meszaros P, 2007, ApJ, 655, L25 
Zhang B., 2006, Nat, 444, 1010 
Zucca E. et al., 2006, A&A, 455, 879 



APPENDIX A: THE SDSS CATALOG 

SDSS catalog (York et al. 2000i3 contains the largest redshift sam- 
ple of galaxies with both photometric and spectroscopic observa- 
tions. It is a homogeneous data set that is suitable for statistical 
studies of galaxies. The SDSS sample for LF measurements (Naka- 
mura et al. 2003) contains ~ 1500 bright galaxies, in the redshift 
range 0.01 < z < 0.12 with 13.2 r* ^ 15.9. The galaxies 
are classified into four groups by the g — r color: T ^ 1.0 
(corresponding to Hubble type E-SO), 1.5 ^ T 3 (SO/a-Sb), 
3.5 r ^ 5.0 (Sbc-Sd), and 5.5 ^ T ^ 6 (Im) (Fukugita et al. 
1995). The LF was calculated with three methods: ML (maximum 
likelihood), SWML (stepwise maximum likelihood), and the Knax 
method. 

To derive the radius-luminosity relation, we take from the 
SDSS catalog the Petrosian radius Rgo in the r* band (which con- 
tains 90% of the Petrosian flux), the value of the apparent bright- 
ness r*, and the galaxy redshift. Note that, SDSS has adopted a 
modified form of the Petrosian system (Petrosian 1976) to define 
the radius of a source (see Blanton et al. 2001 for details). For the 
exponential profile, 7?go corresponds to the true 90% light radius, 
while for the de Vaucouleurs profile Rgo ~ 0.43i?9otruc. 

Then we convert the apparent magnitude r* to an absolute 
magnitude Al and luminosity L, adopting the K-correction sup- 
plied by Fukugita et al. (1995) for each galaxy type. 

The derived sky-projected radius and luminosity in the r*- 
band for about 240000 galaxies with r* < 19.6 in a sky region of 
2500 deg^ are shown in Fig. lAll for different galaxy types (ellip- 
tical, spiral, and irregular). Power-law fits to the R-L relation (eq. 
[5l divided by \/2 for spiral and irregular galaxies for the average 
random projection effect) are summarized in Table I All 

We selected a subsample of galaxies with 15.6 < r* < 19.6 
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Figure A2. Probability for a GRB to be coincident with a galaxy on the sky, 
obtained from the SDSS galaxies with < z < 0.3. The solid line is the 
ratio of the total solid angle occupied by the SDSS galaxies to the total solid 
angle covered by the survey. The dashed line is calculated with equation^2). 



Galaxy type 







E/SO 


3.32e-l-41 


0.413 


Sbc/Scd 


3.36e-i-40 


0.322 


Irr 


8.46e-l-40 


0.361 



Table Bl. Best-fit parameters in the radius-luminosity relation js) in the 
B-band for VVDS galaxies, with R in kpc and L in erg s~ ^ . 



(to be consistent with the magnitude limit adopted in eq. |9ll, and 
computed the ratio of the sky area covered by them to the total area 
of the sky. The results are shown in Fie. lA2l They agree well with 
that calculated with equation ^ with z < 0.3 (the redshift covered 
by the SDSS galaxies). 



APPENDIX B: THE VVDS LF 

The VIMOS VLT Deep Survey (VVDS) is a deep spectroscopic 
survey, containing galaxies up to redshift z ~ 1.5. The first epoch 
VVDS deep sample covers a sky area of about 2200 arcmin^, con- 
taining about 7700 galaxies with 17.5 ^ Iab ^ 24. Using this 
sample, Zucca et al. (2006) derived an evolving and morphology- 
dependent LF. The galaxies were divided into four types: E/SO, 
early spiral, late spiral, and irregular. The parameters in the d erived 
luminosity functions are listed in table 3 o fiZucca et al. I ( 12006 ). The 
best-fit parameters for the radius-luminosity relation are listed in 
Table IbT] 



APPENDIX C: THE LONG GRB SAMPLE 

In Table CI we provide details on the long GRBs used in the Figs.|2] 
and[3] The sample contains 27 GRB hosts from the GHostS archive 
( http://www.grbhosts.org^ . 



^ http://www.sdss.org/ 



Chance coincidence of a GRB with galaxy on sky 1 




Lj. [erg/sec] L^. [erg/sec] L^. [erg/sec] 

Figure Al. The sky-projected /Jgo versus the luminosity in the r*-band for the SDSS galaxies with 15.6 < r* < 19.6 and < z < 0.3. Each panel 
corresponds to a galaxy type (elliptical/SO, spiral/Sbc-Scd, and Irregular galaxies). The solid line is the best-fit with equation (s) (divided by \/2 for spiral and 
irregular galaxies for the average random projection effect). The values of the fitted parameters are Hsted in Table lAl] 



8 M. A. Campisi and L. -X. Li 



Table CI. Sample of 27 long GRBs with known redshift and host. 



GRB 


z 


dL 


Mr 




D 


OH 


Sh 


CtGRB 


^GRB 


Ref. 


name 




[Mpc] 




[arcsec] 


[arcsec] 


(J2000.0) 


(J2000.0) 


(J2000.0) 


(J2000.0) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


Disk galaxies 


030323 


3.372 


29251 


27.28 


1.02 


0.14 


166.5391 


-21.7704 


166.5391 


-21.77033 


[1] 


020819 


0.41 


2245 


19.48 


3.11 


0.54 


351.8310 


+6.2655 


351.831145 


+6.26554 


[2] 


011211 


2.141 


16888 


25.97 


1.04 


0.49 


168.8250 


-21.9489 


168.8249 


-21.94894 


[3] 


011121 


0.362 


1939 


23.23 


2.02 


0.88 


173.6240 


-76.0282 


173.6235 


-76.0282 


[4] 


010921 


0.451 


2513 


22.58 


1.17 


0.29 


344.0000 


+40.9312 


344.000 


+40.93128 


[5] 


010222 


1.48 


10735 


25.61 


0.77 


0.044 


223.0520 


+43.0184 


223.05202 


+43.0184 


[6] 


000418 


1.118 


7594 


24.15 


0.98 


0.023 


186.3300 


+20.1031 


186.3300 


+20.10311 


[7] 


000210 


0.846 


5386 


24.22 


0.89 


0.48 


29.8149 


-40.6592 


29.815 


-40.6591 


[8] 


991208 


0.706 


4315 


24.6 


0.67 


0.19 


248.4730 


+46.4558 


248.4730 


+46.455834 


[9] 


990712 


0.434 


2401 


22.45 


1.21 


0.049 


337.9710 


-73.4079 


337.97096 


-73.40786 


[10] 


990705 


0.842 


5355 


22.78 


1.41 


0.87 


77.47670 


-72.1317 


77.4770 


-72.1315 


[11] 


990123 


1.6 


11817 


24.41 


1.31 


0.67 


231.3760 


+44.7664 


231.3762 


+44.7664 


[12] 


980703 


0.966 


6341 


22.9 


1.32 


0.11 


359.7780 


+8.58530 


359.77780 


+8.585300 


[13] 


970508 


0.835 


5300 


25.2 


0.61 


0.011 


103.4560 


+79.2721 


103.45604 


+79.27208 


[14] 


970228 


0.695 


4233 


25.88 


0.47 


0.43 


75.4444 


+11.7816 


75.4442 


+11.78159 


[15] 


liTegular galaxies 


060614 


0.125 


587 


22.52 


1.14 


0.36 


320.8839 


-53.0267 


320.884 


-53.0267 


[16] 


060218 


0.0331 


148 


20.16 


3.21 


0.29 


50.4153 


+16.8671 


50.41534 


16.86717 


[17] 


050826 


0.296 


1535 


21.67 


1.34 


0.40 


87.7566 


-2.6433 


87.75658 


-2.64327 


[18] 


041006 


0.712 


4360 


25.15 


0.59 


0.03 


13.7093 


+1.2349 


13.70931 


+1.23490 


[19] 


030528 


0.782 


4890 


22.0 


1.48 


0.66 


256.0010 


-22.6194 


256.0012 


-22.6194 


[20] 


030429 


2.66 


21986 


26.3 


1.04 


0.67 


183.2810 


-20.9138 


183.28118 


-20.91381 


[21] 


030328 


1.52 


11110 


24.06 


1.19 


0.68 


182.7015 


-9.3476 


182.70166 


-9.34750 


[22] 


020405 


0.691 


4204 


21.59. 


1.58 


0.19 


209.5130 


-31.3728 


209.5130208 


-31.37275 


[23] 


000926 


2.036 


15882 


24.18 


1.47 


0.032 


256.0400 


+51.7862 


256.0400 


+51.78611 


[24] 


000911 


1.06 


7094 


25.27 


0.68 


0.079 


34.6432 


+7.7410 


34.64316 


+7.74102 


[25] 


980613 


1.097 


7418 


25.33 


0.68 


0.089 


154.4910 


+71.4571 


154.4910 


+71.457083 


[26] 


971214 


3.42 


29750 


26.35 


2.72 


0.14 


179.1100 


+65.2001 


179.1100 


+65.20013 


[27] 



Note. — Col. (1) GRB name. Col. (2-3) Redshift and luminosity distance in Mpc. Col. (4) Observed host magnitude in the R-band AB system (Fruchter 
et al. 2006, and references therein). Col. (5) Radius in arcsec used in this work. Col. (6) Distance in arcsec between GRB and host. Col. (7-8 ) Positions 
of the host. Col.(9-10 ) Posit ions of the GRB. Col. (11 ) Refe r ences: [1 ] Graziani et al. (2003); Vreeswijk et al. (2004); [2] Jakobss oi] j2005l); [31 iGrav et alj 
(2001"); 'Holland et al.' (2002); [4] 'Subrahmanyan et al.' ('2001"); 'Bloom et al. (2002); [5] Price et al. (2002); [6] Henden et al. ( 200 1 ); Galama et al.' ('2003'); [7] 
[Mirabal et al. (2000); Bloom et al. (2003); [8] Gorosabel et al. (2003); [9] Jensen ( 1999); Christensen et al. (2004) ; [10] Sahu et al. (2000); Christensen et al] 
(2004); [1 1] Palazzi et al. ( 1999); Le Floc'h et al. (2002); [12] Bloom et al. ( 1999); [13] Taylor et al. ( 1998); Djorgovski et al. ( 1998); Christensen et al. (200^ 
[l^pFrail et al. ( 1997); Bloom et al. ( 1998); Christensen et al. (2004); [15] Marson et al. ( 1997); Bloom et al. (2001); [16] Paisons et al. (2006); Gal- Yam et S 
(2006); Gehrels et al. (2006); [17] Mirabal et al. (2006); [18] Mirabal et al. (2007); [19] Yamaoka et al. (2004); Wainwrigh et al. (2007); [20] Butler et al] 
(2004); Rau et al.. 12004); [21] Jakobsson (2004); [221.Peterson & Price a003.) ; .Gorosabel et al.n2005i); [23] Wainwrigh et aUc2007.) ; r241 .Price et al.,(,200lT) ; 
iFvnbo et al.l )200lh ; r25] Ficei j2000h ; lMasetti et alj )2005h ; r26l lHiortlji20oj) ; lHalpem & FesenI h998l) ; r27l lOdewahn et al.Hl99gh . 



